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Diagnostic performance of reformatted isotropic
thin-section helical CT images in the detection
of superior semicircular canal dehiscence
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Abstract
Purpose: The purpose of this article is to assess the diagnostic performance of computed tomography (CT) reformatted
images for detection of superior semicircular canal (SSC) dehiscence.
Material and methods: Forty-two patients, with sound- and/or pressure-induced vestibular symptoms, and 42 control
participants underwent helical CT examination with a highly collimated beam (0.5mm).
Reformatted images of the vestibular labyrinth were obtained in the standard axial and coronal planes (group A images),
and in a plane parallel and perpendicular to the SSC (group B images). Diagnostic performance obtained by evaluating the
group A images alone and the group B images alone was analyzed by using the area under the receiver operating
characteristic curve (AUC).
Results: The diagnostic performance of group A images was AUC¼ 0.929 with an overall accuracy of 92.9%. The diagnostic
performance of group B images was AUC¼ 0.988 with an overall accuracy of 98.8%. The evaluation of group B images alone
showed an improved diagnostic performance over the group A images alone.
Conclusion: Thin-section 0.5-mm collimation CT with reformatted images oriented in the plane parallel and perpendicular
to the SSC improves diagnostic accuracy in assessing for SSC dehiscence in comparison to CT images with reconstructions
limited to traditional axial and coronal planes.
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Introduction
Superior semicircular canal (SSC) dehiscence syn-
drome, ﬁrst described by Minor et al.,1 is a pathology
that implies vestibular and cochlear symptoms resulting
from the communication of the SSC and the adjacent
middle cranial fossa.
The symptomatology can be characterized by the
presence of dizziness, autophony and hearing loss; ver-
tigo may be induced and aggravated by loud noises
(Tullio phenomenon)2 and/or pressure variations sec-
ondary to intense eﬀorts or in the setting of the
Valsalva maneuver (Hennebert’s sign).3
The dehiscence of the SSC leads to the ‘‘third mobile
window’’ (in addition to the oval and round windows),
in which the mechanical stimulations (sound and/or
pressure) that activate the cochlea may induce endo-
lymphatic ﬂow within the superior semicircular canal
and the vestibular labyrinth, leading to dizziness.4,5
Potential etiologies for SSC dehiscence include
abnormal development of the ducts, congenital defects,
chronic otitis, cholesteatoma, and ﬁbrous dysplasia.1,4,5
Physical examination signs to diagnose SSC dehis-
cence syndrome include vertical-torsional eye move-
ments that align with the plane of the SSC evoked by
sound and/or pressure stimuli.6–8
Computed tomography (CT) imaging has an import-
ant role in the demonstration of the dehiscence of the
SSC conﬁrming the diagnosis of SSC dehiscence syn-
drome.9,10 However, temporal bone CT accuracy
depends on the availability of multidetector row CT
capable of thin-section collimation with isotropic
voxel allowing multiplanar reformation of the
images.11–14
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Previous studies reported the sensitivity and speciﬁ-
city of CT imaging using 1-mm collimation or 0.5-mm
collimation in the detection of SSC dehiscence.9,12–14
However, signiﬁcant diﬀerences have been found
between autopsy-proven versus CT-detected SSC dehis-
cence.15–17 It has been proposed that reformatted CT
images oriented parallel (plane of Po¨schl) and orthogonal
(plane of Stenver) to the plane of the SSCmay improve the
sensitivity and speciﬁcity in detecting SSC dehiscence.10–13
The aim of our study was to establish the diagnostic
performance of 0.5-mm collimation temporal bone hel-
ical CT in the diagnosis of SSC dehiscence syndrome
comparing the accuracy of reformatted images oriented
in the standard axial and coronal planes, as compared
with the accuracy of reformatted images oriented par-
allel and perpendicular to the SSC.
This information is fundamental for the radiologic
diagnosis of this entity, particularly in cases where sur-
gical correction of the abnormality is considered.
Material and methods
Patient population
The institutional review board of University of Palermo,
Italy approved this retrospective study and written
informed consent was obtained from all patients.
From January 2015 through June 2016, 42 patients
(25 men, 17 women, mean age 46 years, range 22–75
years) aﬀected by sound- and/or pressure-induced ves-
tibular symptoms underwent clinical evaluation that
included monitoring of sound- and pressure-evoked
eye movements.
In all patients, SSC dehiscence syndrome was estab-
lished based on the evidence of vertical-torsional eye
movements in the plane of the SSC evoked by sound
and/or pressure stimuli as previously described.12
Forty-two age- and sex-matched individuals (25
men, 17 women, mean age 48 years, range 19–86
years), who underwent multidetector row CT examin-
ation in the same period for temporal bone disorders, in
the absence of sound- or pressure-induced symptoms
and without bone erosions at CT examination, were
randomly selected as a control group.
A total of 84 CT examinations, covering the bilateral
temporal bones of each patient and control individuals,
were considered, allowing the evaluation of 168 ears (84
left and 84 right ears) and their corresponding SSCs.
CT scans
All patients and controls underwent helical 0.5-mm-
collimated temporal bone CT. Thin-section CT scans
were obtained in the axial plane with a 64-row CT scan-
ner (Brilliance CT, Philips, Best, The Netherlands)
with the following parameters: tube voltage¼ 120 kV,
eﬀective mAs¼ 330, slice thickness 0.55mm, spacing
0.3mm, pitch¼ 0.7, ﬁeld of view (FOV)¼ 180mm,
image matrix 768 768.
A volume between 3.5 and 4.5 cm was acquired
through the temporal bone.
The acquisition time was 30 seconds. The raw data
were reconstructed by using the bone algorithm.
Reformatted images of the left and right temporal
bones of patients and controls were obtained from this
volumetric isotropic dataset for the purpose of this
study by using a dedicated workstation (Philips, Best,
The Netherlands).
Standard axial and coronal images through the tem-
poral bone were reconstructed at 0.1-mm increments.
Fifteen oblique reformatted images, perpendicular to
the SSC (plane of Stenver), were obtained with a space
gap of 0.1mm (Figure 1).
Fifteen oblique reformatted images, parallel to the
SSC (plane of Po¨schl) (Figure 2), were obtained with a
space gap of 0.1mm to allow visualization of the SSC in
its sagittal plane (Figure 3).
Image evaluation
The images were presented in a random order on a
picture archiving and communication system (PACS)
(Agfa HealthCare GmbH, Bonn, Germany) by two
neuroradiologists, each with at least 10 years’
experience.
Dehiscence of the SSC was deﬁned by the absence of
high-attenuation bone coverage on the CT images.
Images were scored on the basis of the integrity of
the SSC as no dehiscence present or dehiscence present.
Any discrepancies between the two neuroradiologists
were resolved by consensus.
Initially, the standard axial and coronal images
(group A images) of each temporal bone (left or right
ear) were evaluated.
Figure 1. Plane of Stenver. Orientation of the plane of reformation
perpendicular to the superior semicircular canal demonstrated on
the axial scout image.
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Subsequently, the reformatted images oriented in
parallel (plane of Po¨schl) and perpendicular (plane of
Stenver) planes to the SSC (group B images) were eval-
uated for each temporal bone (left or right ear).
True-positive (TP) results, for group A or group B
images, were those that demonstrated dehiscence of the
SSC in a patient with a positive clinical test (observa-
tion of the typical eye movements in the plane of the
aﬀected SSC evoked by sound or pressure stimuli).
False-negative (FN) results, for group A or group B
images, were those with a positive clinical test and that
demonstrated no SSC dehiscence.
Statistical analysis
To compare the diagnostic performance obtained eval-
uating group A images and group B images, the area
under the receiver operating characteristic (ROC) curve
(AUC) analysis was used.
The Hanley and McNeil method18 was used for com-
paring the two AUCs with the reminder that a larger
AUC suggests better performance of a test.
Diﬀerences were considered statistically signiﬁcant
at p< 0.05.
Sensitivity, speciﬁcity, TP, true negative (TN), false
positive (FP), FN as well as the accuracy of the results
obtained evaluating group A and group B images were
calculated.
Statistical software used was Analyse-It (Analyse-it
Software, Ltd, Leeds, United Kingdom) for Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA).
Results
The diagnosis of SSC dehiscence syndrome was estab-
lished clinically on the basis of the characteristic symp-
toms and evidence of vertical-torsional eye movements
in the plane of the SSC evoked by sound and/or pres-
sure stimuli. There were 25 left ears solely aﬀected and
17 right ears solely aﬀected in the 42 patients. There
were no cases of bilateral involvement of SSC dehis-
cence syndrome.
On CT, SSC dehiscence was deﬁned by the absence
of high-attenuation bone coverage on the reformatted
images.
Diagnostic performance results for group A and
group B images evaluation are presented in Table 1.
Group A images evaluation demonstrated an AUC
of 0.929 (sensitivity 85.7%, speciﬁcity 100%, TP 36, TN
42, FP 0, FN 6) with an overall accuracy of 92.9%.
Figure 4 shows a representative case of SSC dehis-
cence, demonstrated on the reformatted standard cor-
onal image.
Group B images evaluation demonstrated an AUC
of 0.988 (sensitivity 97.6%, speciﬁcity 100%, TP 41, TN
42, FP 0, FN 1) with an overall accuracy of 98.8.
Representative cases of SSC dehiscence demon-
strated on the reformatted images oriented in the
plane of Stenver and in the plane of Po¨schl are pre-
sented in Figure 4 and 5, respectively.
Although the diﬀerences between the two AUCs
were not statistically signiﬁcant, evaluation of group
B images alone showed an improved diagnostic per-
formance over group A images alone.
In particular, for group A images, SSC dehiscence
was correctly demonstrated in 36 out of 42 temporal
bones, with six FN cases, whereas for group B images,
SSC dehiscence was correctly demonstrated in 41 out of
42 temporal bones, with only one FN case.
Discussion
In our study, the accuracy of thin-section (0.5mm) hel-
ical CT for the detection of dehiscence of the SSC was
improved by using images reformatted in planes paral-
lel (plane of Po¨schl) and perpendicular (plane of
Figure 2. Plane of Po¨schl. Orientation of the plane of reformation
parallel to the superior semicircular canal demonstrated on the
axial scout image.
Figure 3. Thin-section reformatted computed tomography image
oriented in the plane of Po¨schl demonstrating an intact superior
semicircular canal (arrowhead) visualized entirely in its sagittal
plane.
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Stenver) to the SSC (Figures 5 and 6). In a previous
study, Branstetter et al.13 suggested that these add-
itional reformatted images are not routinely needed to
diagnose SSC dehiscence, indicating that they should be
performed only when the diagnosis remains uncertain
after review of the standard coronal reformatted
images.
However, Branstetter et al.13 acknowledged as a
limitation of their study their failure to include an
Figure 4. Thin-section reformatted computed tomography image oriented in the standard coronal plane demonstrating the dehiscence of
the superior semicircular canal (arrowhead).
Figure 5. Thin-section reformatted computed tomography image
oriented in the plane of Stenver demonstrating the dehiscence of
the superior semicircular canal (arrowhead).
Figure 6. Thin-section reformatted computed tomography (CT)
image oriented in the plane of Po¨schl demonstrating the dehis-
cence of the superior semicircular canal (arrowhead).
Table 1. Diagnostic performance results for group A images and group B images in the detection of superior semicircular canal (SSC)
dehiscence in 42 patients clinically diagnosed with SSC dehiscence syndrome and in 42 control participants.
Sensitivity Specificity AUC Accuracy TP TN FP FN
Group A images 85.7% 100.0% 0.929 92.9% 36 42 0 6
Group B images 97.6% 100.0% 0.988 98.8% 41 42 0 1
Group A images: reformatted CT images of the temporal bone oriented in the standard transverse and coronal planes. Group B images: reformatted CT
images of the temporal bone oriented in parallel (plane of Po¨schl) and perpendicular (plane of Stenver) planes to the SSC. AUC: area under the receiver
operating characteristic curve; TP: true positive, TN: true negative, FP: false positive, FN: false negative; CT: computed tomography.
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‘‘oblique reformation only’’ group, an aspect that is
indeed addressed by our study.
Moreover, our results demonstrate that these add-
itional reformatted images alone, oriented in the paral-
lel and perpendicular plane to the SSC, provide an
accuracy of 98.8% compared to the accuracy of
92.9% of the standard axial and coronal reformatted
images alone. Thus, these additional reformatted
images alone provide an improvement of the accuracy
in the diagnosis of SSC dehiscence syndrome, which
results in six missed cases by evaluating the group A
images compared to the only one missed case by eval-
uating the group B images.
The explanation of the reduced diagnostic perform-
ance of group A images relies on the well-known phe-
nomenon of partial volume averaging, which aﬀects
mainly those images in which the roof of the SSC is
oblique to the coronal plane of the section and there-
fore ﬁlls only partially the voxels that compose the
image.12 Conversely, the eﬀect of partial volume aver-
aging can be reduced by using a parallel plane to the
SSC for the visualization of the roof of the SSC, thus
allowing virtually complete ﬁlling of the voxels that
comprise the image.
Although these additional reformatted images
require more time for the post-processing, no add-
itional radiation or scanning time are necessary and
the beneﬁt in terms of improvement in the accuracy
for the diagnosis is clearly demonstrated.
While SSC dehiscence syndrome can be diagnosed
on clinical grounds, CT imaging is required to conﬁrm
the diagnosis and to localize the portion of the SSC that
is dehiscent; this aspect of the diagnosis is particularly
critical to conﬁrm whenever surgical treatment is
contemplated.12,19,20
The surgical treatment consists in surgically obliter-
ating the defect in the superior canal by using either a
trans-mastoid or middle fossa approach.17,21
Previous studies suggest that radiologic evidence of
SSC dehiscence may be overestimated, indicating that a
dehiscence at the arcuate eminence may be observed in
asymptomatic patients.14,16,17
It should be pointed out, however, that these studies
are based on older scanning protocols with 1.0-mm-
thick direct transverse and coronal images, or with
1.0-mm-thick reformatted images in the plane of
Po¨schl and Stenver.
Other studies, based on 0.5-mm collimation CT scan
with orthogonal reformatted images, reported a higher
prevalence of SSC dehiscence in comparison to the
prevalence reported in a post-mortem study of 1000
temporal bones, conﬁrming that advanced, thin-sec-
tion, multirow CT scans improve the diagnostic accur-
acy of the technique in the detection of the SSC
dehiscence.19
Our results conﬁrm that multislice temporal bone
CT with 0.5-mm collimation and reformatted images
to the planes of Po¨schl and Stenver improves the spe-
ciﬁcity and the positive predictive value of the
technique as reported in the literature.12,13 Moreover,
this study provides evidence that temporal bone CT
with 0.5-mm collimation and reformatted images in
the plane of Po¨schl and Stenver alone provides the
best overall diagnostic performance (accuracy 98.8%).
This study, as previous studies in the litera-
ture,9,12–15,19 is limited by the lack of surgical conﬁrm-
ation of the CT diagnosis but, clearly, patients with
negative radiologic ﬁndings are not likely to be con-
sidered for surgical exploration and, similarly, not all
patients with a radiologic diagnosis and clinical evi-
dence of SSC dehiscence choose to undergo surgery.
It was proposed that multidetector row CT imaging
of SSC dehiscence could be superseded by digital
volume tomography (DVT), also known cone beam
computed tomography (CBCT), which provides fast
image acquisition with relatively high three-dimen-
sional resolution, and lower radiation exposure com-
pared with multidetector row CT.22–25
However, it should be mentioned that not all image
data sets for DVT from diﬀerent companies are equally
accurate, and that the majority of the studies in the
literature are based on in vitro examinations,24,25
thus, further studies are needed to validate DVT in
the detection of SSC dehiscence in a large sample
population.
In conclusion, our results provide evidence that
proper CT examination with 0.5-mm collimation and
reformatted images into the Po¨schl and Stenver planes
improves detection of potentially treatable SSC dehis-
cence in patients with vestibular symptoms induced by
sound and/or pressure stimuli.
DVT has the potential to be an excellent alternative
to multidetector row CT for inner ear imaging with
lower radiation to patients and equal or higher reso-
lution depending on the unit used.
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